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General Overview of Fuel Cells

« Use chemical energy to
produce electricity

« Can be thought of as a

factory

— Takes fuel and produces
electricity

— Wil produce electricity as long
fuel is supplied

 Different than an engine

— No combustion involved
— Small loss of heat
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Basic Overview of a Polymer Electrolyte
Membrane Fuel Cell (PEMFC)
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Creation of Hydrogen by Electrolysis

 This is a basic home solar ("Hyarogen gas )

Solar

electrolysis diagram Hydrogen

Production { Hydrogen gas { Omygengas )
« Creates Oxygen as a by-

product which could be .
used for manned MISSIONS | moaies

 Hydrogen created can be ﬁ e |

Electrolyzer
controller

used directly in the "
hydrogen fuel cell — ng
utility grid

Electrolyte tank
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Alternate Production of Hydrogen

New Technology developed by MIT researchers
Uses Nickel Borate ( NiBO; ) as a catalyst instead of expensive platinum
*Other compounds also viable but more research is needed

Advantages

*Inexpensive Catalyst
*Uses solar energy as electrical source

Disadvantages
Like all solar electrical sources it can only be viable to a certain point
*Untested technology in space
Commercial electrolyzes have better performance at the moment

O, + 4H+ +4e~ == 2H,0  E, . = 1.23V — 0.059 (pH) V vs NHE
4H+ + 4o~ == 2H, E_... =0V — 0.059 (pH)V vs NHE
2H20 —> 2H2 + 02 Erxn = —-1.23V
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Purification of Gases

—  The gases produced in the

]
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Recycling

 Urine can be converted to
water using a process of
forward osmosis

 This can be used for =
sustenance as well as fuel
for the PEMFC fuel cell ki

« As stated before, a by-
product electrolysis is
oxygen
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Photovoltaic Cells

« Use the photoelectric effect

to create energy
— Creates DC Current

— Can be wired in both parallel and
series arrangements

« Semiconductors are the SUNLIGHT
main photovoltaic cells N o
u S e d SPECIALLY TREATED
. :ﬂﬂjﬁEDUCTOR—/_-—
* Uses In space

(

BACK CONTACT

— Sun’s rays are
unfiltered/weakened by Earth’s
electromagnetic field

— Can focus on absorbing any
spectrum of light emitted
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Overall Space Exploration Concept

« The diagram to the left is an
explanation of how a fuel
cell can be self sustaining

Regenerative Fuel f{:1IRIEIC] ¥
% o ( Bl - The fuel can be constantly

""""" - E.E.Ea made from solar output and

then used in the fuel cell to
produce electricity to power
the ion thruster(s)

« PEMFC Hydrogen fuel cell
IS the ideal fuel cell to be
used

New Mexico State University

..L

Electrolyser i Hydrogen

. —
R (- R PER ic i aeiinms




Space Exploration

 Main idea is to combo the fuel
cell with a proven technology for

Housing

best results. Example: Rad,amns\ ~ACS
Radioisotope thermoelectric Stirino,convartot 2/ e \ge™
Cold-side attachment plate -, 7\
generator + PEMFC Genera-purposeheat | ] *
source module (2) Il /’,% |
« Advantages Hoat source e

‘assembly (2)/-; B
— Conserve fuel and energy of the fuel
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& / (f Interface

cell
i | L
— Using both can increase speed of //G o
travel /f/ as management valve

A - ' Active cooling system (ACS)
7" | Controller assembly

Interface electrical connector (2)

Bulk thermal insulation

« Disadvantages

— Timing between technologies much
be synced

— Chance to contaminate fuel cell if
built poorly
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Space Exploration (Cont.)

« PEMFC + small nuclear
reactor

« Advantages

— Travel beyond the range of the
sun

— Nuclear power has a high energy
density
* Disadvantages
— Expensive
— Fuel storage space a problem

— Nuclear power tried before and
was shut down (NASA project
Prometheus)
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Space Exploration (Cont.)

 Photovoltaic Cells +
PEMFC

« Advantages

— Can be at full power at begging
of travel

— Uses sun to maximum efficiency
— For short missions great option
« Disadvantages —m

a2
— Uses for short duration missions gi,;%\

— Loses effectiveness the father
away from the sun
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Conclusion

« Hydrogen fuel cells are one of the emerging options in the
area of sustainable space travel. The components required
to build and sustain a PEMFC fuel cell are relatively cheap
and will continue to become cheaper as the technology
progresses. In combination with other technologies they
have the potential to be useful additions to any deep space
application. They provide recycling options which greatly
Increases their utility as well as their ability to be applied in
manned space missions.
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